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▼The *identification of protein-binding partners for a par-
ticular protein of interest is a key strategy in defining the
mechanism of action of that protein. The yeast two-hybrid
screen (Ref. 1) is a powerful and simple method that has
allowed many laboratories, including those without pro-
tein chemistry expertise, to identify protein interactors (re-
viewed in Ref. 2). The assay for interaction, in the case
of the two-hybrid system, is transcriptional activation trig-
gered as a result of protein interaction near the site of tran-
scriptional initiation of a reporter gene. A potential lim-
itation of this technique arises, therefore, if the protein
used as the ‘bait’ acts as an activator or repressor in yeast
leading, respectively, to activation or repression of the re-
porter gene regardless of any protein interactions that may
occur. As alternatives, biochemical methods such as co-
immunoprecipitation are technically challenging for those
without protein chemistry expertise and identify the pro-
tein partner but do not provide its cDNA clone. We have
developed a simple and rapid system for detecting protein
binding partners that does not rely on a transcriptional
assay but still provides a cDNA clone encoding the interact-
ing protein. Although this method is based on an in vitro
assay and is similar in principle to methods previously pub-
lished (Ref. 3, 4), it has been designed so that no expertise
with protein chemistry is required to use it successfully.
The method is as simple as screening a bacteriophage DNA
library with a radiolabelled DNA probe.
The method involves expression of proteins from a
λGT11 cDNA library plated on a bacterial lawn and transfer
of the resulting proteins to nitrocellulose membranes using
a modification of the conventional ‘plaque lift’ technique.
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These membranes are then probed with radiolabelled in
vitro translated bait protein and the filters washed and au-
toradiographed. The use of radiolabelled in vitro-translated
protein obviates the requirement for complex purification
procedures, antibodies against the protein bait or post-
translational labelling, for example by phosphorylation.
The λGT11 library is plated essentially as described pre-
viously (Ref. 5). Briefly, a single colony of the appropri-
ate host bacterial strain (Y1090r− for λGT11) is inoculated
into rich medium (e.g., LB broth) containing 50 mg/ml
ampicillin and 0.2% maltose and grown at 37◦C until the
culture is saturated. The bacteria are pelleted at low speed
and resuspended in 10 mM MgSO4 to 40% of the original
culture volume. For each large (13.7 cm diameter) plate,
200 µl of cell suspension is mixed with phage (no more
than 20,000 – to allow for adequate protein expression)
and allowed to incubate at 37◦C for 15 min. Eight millil-
itres of overlay solution (LB broth containing 0.7% agarose
and 10 mM MgSO4 boiled to dissolve the agarose and pre-
cooled to 47◦C) is added to the infected cells. The contents
of each tube is mixed, poured and spread onto a large LB
plate that has been dried at 37◦C overnight. Once the layer
has set, the plates are inverted and incubated at 42◦C until
plaques are just visible (approximately 3.5 h). Nitrocellu-
lose discs that have been soaked in 10 mM isopropyl-β-D-
thiogalactopyranoside (IPTG) and then partially air-dried
on plastic food wrap for 30 min at room temperature are
layered onto the plates followed by incubation at 37◦C
for 5 h. Working quickly so that the plates do not cool
down, orientationmarks are made by piercing an India ink-
impregnated needle through the membranes into the agar
medium. The membranes are then removed and air-dried
for at least 30 min on filter paper with the side to which
protein is bound facing up. These membranes are stored
at 4◦C, interleaved with filter paper, while a duplicate lift
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FIGURE 1. (a) Autoradiograph of radiolabelled, in vitro-translated Polycomblike protein resolved on a 7.5% SDS-polyacrylamide gel. The size standards
are indicated on the left-hand side (kDa). (b) Autoradiographs of a primary screen of a λGT11 library with radiolabelled Polycomblike protein showing a
‘positive clone’. The first lift filter is on the left and the second lift duplicate filter is on the right.
is performed. A second set of IPTG-treated nitrocellulose
discs is then layered onto the plates and incubated at 37◦C
for a further 14 h to generate the duplicate lift membranes.
These membranes are then processed in the same way as
the primary lift membranes. All the membranes are rinsed
several times in large volumes of TBST [50 mM Tris–HCl
pH 7.5, 150 mM NaCl, 0.05% (v/v) polyoxyethylenesor-
bitan monolaurate (Tween-20)]. During the rinse, a glass
bacteriological spreader is used to gently ‘scrape’ any bacte-
rial debris from the membranes. The membranes are then
soaked in pre-hybridization solution [TBST containing 3%
(w/v) bovine serum albumin (BSA)] for at least 2 h at room
temperature on an orbiting platform.
During this time, radiolabelled protein can be rapidly
prepared using the TnT-coupled in vitro transcrip-
tion/translation kit (Promega) incorporating a 35S-labelled
amino acid according to the manufacturers instructions.
Alternatively, radiolabelled protein can be produced by un-
coupled in vitro-translation protocols which are more time
consuming but less expensive. The in vitro-translation re-
action is then subjected to spin-column chromatography
using Sephadex G-50 ProbeQuant MicroColumns (Pharma-
cia) in order to remove unincorporated radiolabelled amino
acids which may increase the background-to-signal ratio in
the screen. This is carried out according to the manufac-
turers instructions followed by a single ‘rinse spin’ using
one reaction volume of TEN (10 mM Tris–HCl pH 7.5, 0.1
mMEDTA, 150mMNaCl) to extract any residual protein on
the column. This rinse fraction and the original fraction are
pooled and an aliquot is then analysed by SDS-PAGE and
autoradiography (Figure 1a) and by scintillation counting.
Then 1–2 ml per membrane, of pre-hybridization fluid
containing approximately 5×105 counts/min/ml of probe
is placed into a 13.7-cm diameter Petri dish. The mem-
branes are added one at a time, protein side facing down,
using a glass spreader to gently remove trapped air bubbles
before addition of the next membrane. Finally, a piece of
polythene sheet cut to the shape of a membrane is layered
on top to prevent the top filter drying out. The closed Petri
dish is sealed with Parafilm and incubated at 4◦C overnight
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on a gently orbiting platform. The Petri dish is allowed to
equilibrate to room temperature and the membranes are
removed and washed, with gentle agitation, three times for
5 min each in large volumes of TBST. The filters are then
completely air-dried on filter paper and autoradiographed
(Figure 1b). Positive plaques are then picked and purified in
secondary and tertiary screens using the probe saved from
the primary screen supplemented with freshly prepared
probe protein if necessary. We have used the method
described here in a screen that identified a novel protein
that interacts with Polycomblike (Figure 1b; S. Robert et al.,
in preparation), a transcriptional repressor from Drosophila.
This protein was identified as the only duplicate positive
in a screen of approximately 180,000 plaques of a 0–18 h
embryonic cDNA λGT11 library. As may be expected if PCL
is acting as a repressor in yeast, this protein interaction is
not detected when cDNA clones encoding the two proteins
are used in a yeast two-hybrid interaction test, but is
detected when 35S-labelled Pcl is incubated with a western
blot to which the interactor protein is bound.
Potential limitations with this technique should be
noted. First, most proteins are low in methionine, so the
protein probemay not be able to be labelled to high specific
activity. Secondly, the presence of nucleic acids in the retic-
ulocyte lysate mix could cause complications by associating
with multiple non-sequence-specific nucleic acid binding
proteins. In addition, modifications of the protocol such
as the use of different concentrations of probe protein or
refolding of the library proteins on the nitrocellulose discs
prior to probing (Ref. 5) may be necessary in some cases.
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